Background/Objectives: To study the effectiveness of a multi-component intervention model of nutrition and lifestyle education on behavior modification, anthropometry and metabolic risk profile of urban Asian-Indian adolescents in North India. Subjects/Methods: Two schools matched for student strength and middle socioeconomic strata were randomly allocated to intervention and control group. Changes in nutrition-related knowledge, attitude, lifestyle practices, food frequency and body image of eleventh-grade students (15-17 years) in both schools were tested using a validated questionnaire. Anthropometric and biochemical measurements were made using standard methods. Segmental body composition analysis was carried out using an 8-electrode multifrequency bioelectrical impedance method of body fat estimation. Results: At 6 months follow-up, significant improvement in several domains of knowledge was observed in intervention children (n ¼ 99; males ¼ 60; females ¼ 39) as compared with control school children (n ¼ 102; males ¼ 61; females ¼ 41). In the intervention group, significantly lower proportion of children consumed aerated drinks (15.1%; Po0.001) and energy-dense unhealthy foods (8.9%; P ¼ 0.03), whereas significantly higher proportion brought tiffin (packed lunch) to school (14.9%; P ¼ 0.004) and brought a fruit in their tiffin (30.7%; Po0.001) as compared with the control group. Significant decrease in mean waist circumference (P ¼ 0.02, 95% confidence interval (CI) ¼ À2.43,À0.17), sagittal abdominal diameter (Po0.001, 95% CI ¼ À0.82,À0.09), waist-to-hip ratio (P ¼ 0.02, 95% CI ¼ À0.03,À0.004) and fasting blood glucose (P ¼ 0.05, 95% CI ¼ À0.09, 5.00) was seen in intervention as compared with control school children. Conclusions: Multi-component model of nutrition and lifestyle education was successful in improving the nutrition-related knowledge, eating habits and lifestyle practices, and resulted in beneficial changes in anthropometric and biochemical profiles of the Asian Indian adolescents. This model should be applied on countrywide basis to prevent obesity and diabetes.
Introduction
Global rise in prevalence of adolescent obesity (Lissau et al., 2004) is mainly occurring because of nutrition and lifestyle transition influenced by social, economic and physical environments (Popkin, 2001; Wasir and Misra, 2004) . Although Asian Indians have a genetic predisposition to develop central obesity and insulin resistance syndrome (the metabolic syndrome) , but inappropriate dietary habits and physical inactivity often override these influences (Shetty, 1999) .
Long-term follow-ups have shown that 50-80% of obese children tend to become obese adults (Styne, 2001 ) with a high risk for development of type II diabetes, hypertension and cardiovascular disease (Bhave et al., 2004) . Moreover, adults who were obese children have an increased risk of morbidity and mortality independent of their adult weight (Must and Strauss, 1999) . According to our recent data , the prevalence of overweight/obesity among adolescent children (14-17 years) belonging to high-and middle-income groups in Delhi was 29% (Bhardwaj et al., 2008) . Increased generalized and central obesity showed association with subclinical inflammation, atherogenic dyslipidemia (Vikram et al., 2003) and insulin resistance in these adolescents, making them at risk for metabolic syndrome and atherosclerosis during early adulthood. We have previously reported that childhood metabolic syndrome tracks into adulthood (Misra et al., 2007) . To prevent morbidities in Asian Indians during the most productive years of their lives, it is important that intervention strategies be targeted to children and adolescents (Goenka et al., 2007) .
School-based interventions can reach large populations of at-risk adolescents in a cost-effective manner as schools offer continuous and intensive contact with children during their formative years. These interventions targeting environmental determinants of overweight/obesity are sustainable and can be applied on a large scale. However, data regarding the effects of nutrition education intervention on behavioral, anthropometric and metabolic profiles of Asian Indian adolescents are not available (Brown and Summerbell, 2009) . Hence this study was aimed at assessing the effectiveness of a school-based low-cost nutrition and lifestyle education intervention on behavior modification and risk profile of Asian Indian adolescents (15-17 years) in metropolitan city of North India.
Methodology
Study design, sampling and sample size The study was a community-based controlled trial. Two co-educational schools carefully matched for student strength and middle socioeconomic strata were selected and randomly allocated to the 'intervention' or 'control' group. In both schools, all eleventh-grade adolescents were approached for participation in the study and were enrolled after receiving consent from their parents/guardian. The response rate was 99% in intervention school and 85% in control school. Figure 1 gives the flowchart of the number of children enrolled in the study. The study was carried out from May 2008 to January 2009. It was estimated that 96 subjects in each group would be a sufficient sample size to achieve 5% target absolute reduction in primary outcome measure: body mass index (BMI) at a power of 80% and Po0.05.
Multi-component model of nutrition and lifestyle interventions
The multi-component model included seven components of nutrition and lifestyle education aimed for changing the knowledge, behavior and risk profile of urban Asian Indian adolescents in the intervention school (Table 1) . The model was developed based on the Dietary Guidelines for Indians (Krishnaswamy et al., 1998) as well as our previous experience of conducting large-scale intervention studies in several cities of North India . The control school, however, did not receive any intervention.
Primary outcome measures Anthropometric measurements. The measurements of height, weight, waist circumference (WC), hip circumference as well as triceps and biceps skinfold thickness were carried out by the trained nutritionist as previously described (Dudeja et al., 2001) . In addition, mid-thigh circumference, mid-upper arm circumference and sagittal abdominal diameter were measured using standard methodology. The following indices were computed: BMI, waist-to-hip ratio (W-HR), waist-to thigh ratio (W-TR) and waist-to-height ratio (W-Ht ratio).
Secondary outcome measures
Body composition assessment. The segmental body composition was carried out using an 8-electrode multifrequency bioelectrical impedance method of body fat estimation (TANITA MC-180MA, TANITA Corp., Tokyo, Japan). The subjects were instructed to avoid drinking fluids and void urine 1 h before the measurements and just before the test. Gender and height details were manually entered into the system. The subject was instructed to stand bare feet on the apparatus so that both the feet were in firm contact with the surface of the apparatus while holding an electrode with each hand.
Knowledge, attitude and practices and body image satisfaction surveys. A questionnaire was designed to assess the changes in knowledge, attitude and practices along with frequency of consumption of healthy and unhealthy food items. The changes in lifestyle, body image and self-esteem were also assessed by the questionnaire. The questionnaire was formulated based on our previous experience (Bhardwaj et al., 2008) , then pretested on 10 subjects and internally validated before being used for data collection.
Biochemical measurements. The biochemical measures considered for the analysis were those used to define the metabolic syndrome . Fasting morning venous blood samples were drawn for estimation of fasting blood glucose (FBG), serum triglyceride and high-density lipoprotein-cholesterol (HDL-c) as previously described (Vikram et al., 2003) .
baseline and follow-up values of continuous variables (anthropometry, body composition and biochemical parameters) in intervention and control group were compared using Student's paired t-test. The mean percentage change in intervention and control group was compared using twosided independent sample Student's t-test. The baseline and follow-up categorical data of knowledge, attitude and practices survey were compared in both intervention and control group using the nonparametric McNemar test, which tests for changes in responses using the w 2 distribution. All analysis was based on intention-to-treat principle. SPSS (Release 10, SPSS Inc., Chicago, IL, USA) was used for data analysis. Significance level was set as Po0.05.
Results

Participant flow
A flowchart for enrollment and follow-up is presented in Figure 1 .
Baseline measurements
The mean age (±s.d.) of the subjects in intervention school and control schools was 16.04 ± 0.41 and 16.0 ± 0.5 years, respectively. There was no statistically significant difference in the baseline measurements of anthropometry, body composition and biochemical parameters between the Nutrition and lifestyle intervention in Asian Indian adolescents N Singhal et al intervention and control school children (data not shown).
In addition, the baseline characteristics of the subjects whose follow-up measurements were not available did not differ significantly from the baseline characteristics of those subjects whose follow-up measurements were available (data not shown).
Outcomes and estimations Anthropometry, body composition and biochemical parameters. Among the anthropometric parameters, there was no significant change in the primary outcome measure, BMI in intervention or control school children at 6 months followup (Table 2, Figure 2 ). However, decrease in abdominal obesity in intervention children was seen as evident by a significant decrease in mean values of WC (P ¼ 0.02), sagittal abdominal diameter (Po0.001) and W-HR (P ¼ 0.02) as compared with controls. The mean mid-upper arm circumference, biceps skinfold thickness and W-Ht ratio showed a significant decrease in intervention children from baseline to follow-up; however, the change was not significantly different from controls. There was no significant difference in the change in any body composition parameter between intervention and control school children. Among the biochemical parameters, there was significant reduction in mean FBG level in both intervention and control children (Po0.001); however, the change in intervention school was higher than control school (P ¼ 0.05). The mean level ( ± s.d.) of HDL-c showed an increase in intervention school (0.31 ± 6.59 mg per 100 ml) and a decrease in control school (À1.08±6.7 mg per 100 ml); although the change was not statistically significant. There were significant improvements in all the three biochemical parameters (FBG, triglyceride and HDL-c) used to define the 
Component Description
Dissemination of healthrelated information through lectures and focused group discussions
The lifestyle intervention included 24 weeks (6 months) of nutrition education. Initial 6 weeks were used for introduction of program to the school and for collecting baseline data. Subsequent 18 weeks were used for intensive and repetitive nutrition education to all the eleventh-grade students. The students were given lectures in batches of 30 in each class in 30 min of session each week for 10 weeks on the basics of food groups; importance of each food group for health; difference between simple and complex carbohydrates, concept of empty calories and its sources; importance of fiber in the diet; sources and adverse effects of trans-fats; sources of protein in the diet; harmful effects of consuming deep-fried, high-calorie Indian 'junk' food everyday; antioxidant and fiber content of fruits and vegetables; and importance of eating nuts. Emphasis was laid on the importance of every food group in the diet. Information on healthy cooking practices was also shared. In addition, knowledge of lifestyle-related diseases such as diabetes, CVD and hypertension was provided to them Promotion of physical activity Children were encouraged to participate actively in physical activity periods in school every week for at least 30 min. They were informed of ways by which physical activity can be improved at home, such as by decreased television viewing, increased involvement in household chores, using walking as a means of travel to nearby destinations Other activities to promote healthy lifestyle After 10 weeks of lectures and information dissemination, for the consecutive 8 weeks (30 min 5 days a week), children were involved in activities such as planning their own tiffin, planning a daily diet for themselves and listing healthy alternatives to high-calorie 'junk foods'. Quiz competition and extempore on health-related topics were also conducted during the activity periods Individual counseling Individual counseling was held for an hour every week with the children by the trained nutritionist. They were counseled in groups of 4-5, and hence each child received individual attention. The children discussed their problems related to diet, lifestyle and physical activity. Hence each child received individual counseling of 1 h/week Policy-level changes in the school A policy-level change was introduced in the school with the help of the school management. The school canteen menu was changed to healthier alternatives. The sale of aerated drinks and high-calorie foods, such as burgers, bread pakodas (deep-fried Bengal gram flour-coated bread slices) and noodles were stopped. Healthy Indian food providing satiety such as rajmah-chawal (bean curry and boiled rice) kadi-chawal (Bengal gram flour curry and boiled rice), idli-sambar (fermented and steamed rice and pulse flour and red gram dhal with vegetables) and brown bread cucumber sandwiches were made available. This was done to reduce the availability of unhealthy foods to children as well as to make the healthy lifestyle program sustainable in school Involvement of teachers and parents A health camp was conducted in school for parents and teachers for the entire day during parent-teacher meeting where free nutritional counseling was provided to them by the trained nutritionist. They were given free of cost assessment of their body mass index, blood pressure and blood glucose by a physician. In addition, the parents of intervention children were telephonically contacted every month and were asked a set of standard questions pertaining to diet, lifestyle and physical activity of the child. Parents of each child were counseled for 5-7 min every month Training of student volunteers to sustain the program An additional 1-h session was held every week with 40 student volunteers of eleventh grade. They were given instructions to disseminate the health messages to their peers and juniors. Activities such as skits in the morning assembly on nutrition-related topics such as harmful effects of 'junk' foods, healthy vs unhealthy lifestyle were held twice during the intervention program. Demonstration of recipes for healthy tiffin was done by them in the morning assembly on the occasion of World Food Day. Instructions were given to them to check and evaluate the tiffins of junior students each week and to counsel them to bring healthy tiffin each day. The children were given two demonstrations of healthy and easy-to-prepare snacks by their teacher as well as the nutritionist. Children were also asked to bring wrappers of foods such as biscuits, fruit juices, chocolates, ice-creams, and so on, and they were made to understand the nutritional and calorie content of these energy-dense food items Nutrition and lifestyle intervention in Asian Indian adolescents N Singhal et al metabolic syndrome in 33% of intervention children as compared with only 26% control school children (Po 0.01, data not shown).
Knowledge levels
Significant increase was seen in the proportion of intervention children having knowledge of simple and complex carbohydrates (P ¼ 0.003), concept of empty calories (Po0.001), sources and adverse effects of trans-fats (Po0.001), high-fat milk products (P ¼ 0.002), refined cereals (P ¼ 0.003), importance of fiber in the diet (P ¼ 0.02), as well as causes and types of diabetes (Po0.001) ( Table 3) .
Dietary intake
Significantly higher proportion of intervention children (32.8%; Po0.001) consumed two glasses of milk everyday as compared with 7.8% controls (P ¼ NS) who decreased their milk consumption (Table 4) . Increase in intake of fresh fruits (43 times per week) was seen in 9.9% children in intervention school (P ¼ NS), whereas a decrease (6.5%; P ¼ NS) was seen in control school. Significantly lower proportion of children in intervention school consumed white bread (made of refined flour) everyday (11%; P ¼ 0.004) at followup as opposed to a decrease of only 3.4% (P ¼ NS) of control 
Percentage change
Intervention children Control children Figure 2 Percentage change in anthropometric and biochemical parameters in intervention and control school children. MUAC, mid-upper arm circumference; SAD, sagittal abdominal diameter; Tr, triceps skinfold thickness; Bic, biceps skinfold thickness; W-Ht, waistto-height; W-TR, waist-to-thigh ratio.
Nutrition and lifestyle intervention in Asian Indian adolescents N Singhal et al school children. Significantly lower proportion of intervention children consumed aerated drinks (15%; Po0.001) and energy-dense unhealthy foods such as burgers, pizzas and French fries (9%; P ¼ 0.03) at follow-up.
Lifestyle practices
Higher proportion of children in intervention school (2.4%; P ¼ NS) engaged in physical activity at least 4 days a week for at least 30-60 min (9.8%; P ¼ NS), whereas the proportion of children in control school decreased (Table 4) . There was significant reduction in the proportion of intervention children eating at school canteen (P ¼ 0.001), whereas no significant change was seen in controls. Significantly higher proportion of children in intervention school brought tiffin (packed lunch or light meal brought from home) to school at 6 months follow-up (P ¼ 0.004) and brought a fruit in their tiffin (Po0.001) at least three times a week (P ¼ 0.001), whereas no significant change was observed in children of control school.
Attitude, body image and self-esteem
There was a significant increase in the proportion of intervention children (15.1%; P ¼ 0.03) who felt that consumption of deep-fried high-calorie Indian 'junk' food everyday would harm their health (Table 4) . There was 7.4% increase in proportion of intervention children as opposed to 7.6% decrease in control school children who felt that food purchased from outside, restaurants, kiosks and eating joints, is never a healthy option (P ¼ NS). Significant increase (P ¼ 0.03) was seen in the proportion of intervention children who stopped consuming deep-fried snacks in between meals. There was a decrease in proportion of children in intervention school (9.4%; P ¼ NS) as compared with the increase in control school (7.4%; P ¼ NS) who stopped avoiding clothes that made them look overweight.
Discussion
This study, for the first time, assessed the effectiveness of a multi-component intervention model of nutrition and Nutrition and lifestyle intervention in Asian Indian adolescents N Singhal et al Table 4 Effect of intervention on diet, lifestyle, attitude, body image and self-esteem Nutrition and lifestyle intervention in Asian Indian adolescents N Singhal et al lifestyle education on behavior modification, anthropometry and metabolic risk profile of urban Asian Indian adolescents (15-17 years). The findings of the study have external validity and can be scalable in a public health program in the country, as all analysis was based on the intention-to-treat principle. Moreover, there were least chances of contamination in the study, as the two schools were located at safe distance from each other. Several school-based studies have been conducted in the developed countries to assess the impact of nutrition, lifestyle (Luepker et al., 1996) and physical education interventions (Sallis et al., 1993) on overweight and obesity in children. The age groups targeted in these intervention studies ranged from 6-year-old children in grade 1 in the Chile program (Kain et al., 2004) to 18-year-old students in grade 12 in the Physical Activity and Teenage Health (PATH) program in the United States (Fardy et al., 1996) . Our study targeted eleventh-grade students (high school), as they are responsible, can act as peer educators and have the potential for making the lifestyle program sustainable in school setting. Moreover, interventions targeted at middle or high school children have seemed more effective than those targeting the elementary school students in the United States (Baranowski et al., 2002) .
This study observed a significant increase in nutritionrelated knowledge in intervention as compared with control school children as individual attention was given to each child. Similar results were reported from an intervention study on 165 adolescent girls belonging to eighth grade in South India (Rao et al., 2007) where significant improvement in the nutrition-related knowledge was observed among the intervention groups (group 1: print media; group 2: audiovisual aid) as compared with the control group from the baseline data. The study did not observe any significant difference between the traditional methods of delivering intervention (for example, print media) from that of using audiovisual aids (compact disks), implying that low-cost print media can be used for large-scale nutrition intervention programs. However, no anthropometric or biochemical measurements were carried out in their study.
Although our study showed no significant change in BMI in intervention school, a significant reduction in abdominal adiposity was seen; a significant decrease in WC, sagittal abdominal diameter and W-HR occurred in intervention as compared with control group. This is particularly important as excess body fat, abdominal obesity and excess truncal subcutaneous fat has shown association with insulin resistance in post-pubertal Asian-Indian children . No differences in body composition parameters were seen in intervention and control school, which might have been due to the short duration of intervention.
Our intervention was successful in significantly improving (Po0.001) fruit intake in these adolescents. Other studies have shown conflicting results. For example, although Anderson et al. (2005) reported a significant increase in fruit consumption in intervention school (133 ± 1.9-183 ± 17 g/day)
as compared with the control school (100±11.7-107± 14.2 g/day, Po0.05) in a study in UK children (n ¼ 511) with 9 months of intervention, the Active Program Promoting Lifestyle Education in School (APPLES) study (Sahota et al., 2001) only showed a modest increase in vegetable consumption at 1 year follow-up in UK children (n ¼ 634).
Reduced television viewing and increased physical activity as shown in the intervention school in this study may have an important role in preventing obesity and lowering BMI (Epstein et al., 2008) . The increase in HDL-c and a decrease in serum triglyceride levels observed in intervention children could have been due to a combination of increased physical activity (Marshall et al., 2006) and reduced intake of 'high-calorie' junk food.
The intervention program was made sustainable in the school by replacing unhealthy food items in the canteen by healthy alternatives. This approach has proved beneficial in other school-based studies (Trevino et al., 1998; Sahota et al., 2001) . Doak et al. (2006) in their review of school-based interventions emphasized the importance of altering the social environment such as changing the school canteen for primary prevention of obesity in school children.
Data on Asian Indian adults to support our current findings on Asian Indian adolescents are available. The Indian Diabetes Prevention Program (Ramachandran et al., 2006) showed that lifestyle modification alone could prevent diabetes in native adult Asian Indian subjects with impaired glucose tolerance despite their relatively low BMI. No additional benefit was seen by combining pharmacological therapy with lifestyle modification. The Diabetes Prevention and Management Education Program in rural village in South India reduced FBG level in adults with prediabetes by 11% and those with diabetes by 25% (Balagopal et al., 2008) . There was also a significant improvement in knowledge score, BMI, WC and W-HR in their group. Rush et al. (2007) in their study on Asian Indians (n ¼ 41) in New Zealand showed that group diet and physical activity over a 5-month period significantly reduced total and abdominal fat as well as blood lipid risk factors in subjects aged X50 years. However, absence of a control group in the studies by Balagopal et al. (2008) and Rush et al. (2007) would not have eliminated the effects of confounding variables.
Body image and its disturbances are a critical determinant of dietary practices and nutritional risk in adolescents (Delisle, 2005) . Our study did not observe any negative effect of intervention such as underweight or overweight in these adolescents as reported in other studies (Simonetti D'Arca et al., 1986) . This is the first controlled study to date on assessment of the effectiveness of school-based interventions on behavior modification as well as risk profile of urban Asian Indian adolescents. The low-cost intervention in the present study harnessed the benefits of peer educators and student volunteers to make the program sustainable. The interactive approach used to deliver the intensive and repetitive intervention was effective in preventing adolescent obesity even during a short study period. Results would have been inconsistent if a usual, irregular and non-repetitive intervention had been adopted.
Health personnel usually find it difficult to motivate children for diet and lifestyle changes. However, this study, with its intensive, community-based approach and the involvement of teachers and parents, showed that adolescents could be motivated to adopt a healthier lifestyle. Our intervention was designed to help build decision-making skills that would promote healthier eating choices in these adolescents.
In conclusion, our study provides evidence that a comprehensive school-based nutrition and lifestyle education can motivate adolescents for a positive behavioral change. Further, appropriate policy changes would be helpful in improving access to healthy foods. Involvement of parents and teachers would help in maximizing program participation. To contain the obesity epidemic in these adolescents, which makes them prone to future metabolic disorders, the Indian government should implement such interventions on country-wide basis.
